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ABSTRACT

Background: We assessed liver fibrosis using real-time shear-wave elastography (SWE) combined with liver biopsy (LB) for patients
with hepatitis B e antigen (HBeAg)-negative chronic hepatitis B (CHB) and alanine transaminase < 2 times the upper limit of normal
and hepatitis B virus DNA < 2000 IU/ml. Methods: A total of 107 patients met the inclusion criteria. Real-time SWE and ultrasound-
assisted liver biopsies were consecutively performed. Fibrosis was staged according to the METAVIR scoring system. Analyses of
receiver operating characteristic curve were performed to calculate the optimal area under the receiver operating characteristic
curve for FO-F1 versus F2-F4, FO-F2 versus F3-F4, and FO-F3 versus F4 for real-time SWE. Results: The most concurrent liver fibrosis
degrees were between F1 and F2 for these HBeAg-negative CHB patients. Liver stiffness increased in parallel with the degree of liver
fibrosis using SWE measurements. The area under the receiver operating characteristic curves was 0.881 (95% confidence interval
[CI]: 0.704-1.000) for SWE (p = 0.004); 0.912 (95% Cl: 0.836-0.987) for SWE (p = 0.000); 0.981 (95% Cl: 0.956-1.000) for SWE
(p = 0.000); 0.974 (95% Cl: 0.936-1.000) for SWE (p = 0.000) when comparing FO versus F1-F4, FO-F1 versus F2-F4, FO-F2 versus
F3-F4, and FO-F3 versus F4, respectively. Conclusions: SWE has the advantage of providing an image of liver stiffness in real-time. As
an alternative to LB, the development of all these noninvasive methods for dynamic evaluation of liver fibrosis will decrease the need
for LB, making clinical care safer and more convenient for patients with liver diseases.
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INTRODUCTION Liver biopsy (LB) is considered the gold standard
method to stage liver disease and to assess the degree
Chronic hepatitis B virus (HBV) infection (CHB) is a major of fibrosis but it is not widely used in resource-limited
liver disease’. Patients with high HBV DNA levels need settings because of its high cost, invasiveness, patient
antiviral therapy, while those with low viral loads may discomfort, risk of complications, sampling error, as
not need it. However, the patients with low viral loads, well as the need for expert histological interpretation>.
mildly elevated, but with severe liver fibrosis are still
at risk of developing hepatocellular carcinoma (HCC); Several noninvasive fibrosis tests based on blood or
thus, antiviral therapy is indicated in these patients. serum indices (aspartate aminotransferase [AST]-
Therefore, it is important to effectively determine the to-platelet ratio index [APRI], FIB-4 and a commercial
liver fibrosis stage in patients with low viral loads?. assay — FibroTest") or those with ultrasound principles
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(transient elastography [TE], e.g., FibroScan®) are now
available and increasingly used for evaluating and
staging liver fibrosis, which reduces the need for LB
in persons with an established cause of liver disease.
The use of accurate and validated noninvasive tests
in resource-limited settings could help with the opti-
mal selection of persons with CHB for antiviral ther-
apy. The WHO recommended APRI assessment as a
noninvasive diagnostic method for cirrhosis in adults in
regions of limited resources*. The index was previously
reported to be useful in liver fibrosis diagnosis®.

In addition, various noninvasive imaging methods for
evaluating liver fibrosis have rapidly improved as alter-
natives to LB. Liver fibrosis has been predicted by TE*.
Ultrasound elastography provides objective data on
tissue elasticity by representing the stiffness of tissue
using grayscale or color images’®. Real-time shear-wave
elastography (SWE) was developed on this basis; this
method has attracted increasing attention because it
can rapidly, noninvasively, objectively, and quantitatively
detect the degree of fibrosis in patients with liver disease,
including chronic hepatitis C (CHC)8. Representative
reports of noninvasive imaging methods such as SWE
for evaluating liver fibrosis, however, have included
patients with cirrhosis that have high elasticity values,
e.g., receiver-operator curve (ROC) analysis for fibrosis
stages FO-F1 versus F2-F4, or FO-F2 versus F3-F4%1°,

In this study, we evaluated the diagnostic impact
of SWE in hepatitis B e antigen (HBeAg)-negative
CHB patients with alanine aminotransferase (ALT) <
2 times the upper limit of normal (ULN) and HBV DNA
< 2,000 IU/ml, most of whom had liver fibrosis but did
not reach the point of cirrhosis. In particular, we ana-
lyzed the accuracy of SWE for distinguishing between
nonsignificant (FO-F1) and significant (F2-F3) liver
fibrosis. In addition, we compared its ability to diag-
nose liver fibrosis with APRI.

MATERIALS AND METHODS
Study patients

For 2 years (2014-2016), a multi-sectional study was
carried out for the assessment of liver fibrosis using
real-time SWE for patients with HBeAg-negative CHB
and ALT < 2 times the ULN (the normal range of ALT
is 0-40 U/I). A total of 111 patients were hospital-
ized, confirmed with CHB, and scheduled for LB at the
Department of Gastroenterology and Hepatology of
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the Fourth Affiliated Hospital of Kunming Medical
University. All the patients met the following inclu-
sion criteria: (i) HBeAg-negative, (ii) HBV DNA
< 2,000 IU/ml, (i) ALT < 2 times the ULN, and
(iv) without other causes of liver disease (alcoholic
liver disease, other liver viral infection, autoimmune
liver disease, metabolic liver disease, drug-induced
hepatitis, fatty liver, or liver cancer). The diagnostic
criterion for CHB was a positive hepatitis B surface
antigen persisting for more than 6 months. Before
LB, patient characteristics, epidemiological data, and
biochemical tests were recorded. All patients under-
went LB. All patients had been asked about a family
history of HCC, and those who gave a positive answer
were excluded from this study because antiviral ther-
apy was still recommended even if ALT was < 2 times
the ULN. The study protocol was approved by the
Institutional Ethics Committee. All the participants
gave their informed written consent. This study was
not sponsored by the manufacturer of the real-time
SWE.

APRI is a simple index for estimating hepatic fibrosis
based on a formula derived from AST and platelet con-
centrations and can be expressed as:

APRI =* (AST/ULN) x 100)/platelet count (10°/1)5.

Real-time shear-wave ultrasound
elastography of the liver

Real-time SWE studies were performed using the
Aixplorer™ ultrasound system (SuperSonic Imagine,
S.A., Aix-en-Provence, France) with a convex broad-
band probe (frequency of 3.5~5.0 MHz). In SWE,
shear waves are created in tissue from the acous-
tic radiation force generated by focalized ultrasound
pulses. A series of these push pulses creates plane
shear waves, which propagate over a region of tissue.
The speed of the shear wave is then estimated by a
Doppler-like acquisition over a region!!. Finally, this
shear wave speed can be used to calculate the tissue
stiffness by the formula E = pc?, where E is tissue elas-
ticity (kPa), p the tissue density (kg/m3), and c the
shear wave velocity (m/s). The elasticity estimates
are then color-coded, creating a 2D quantitative SWE
image (kPa) of tissue stiffness, which is displayed in
box form over a conventional B-mode image. The size
and position of the SWE image are user-adjustable,
enabling a trade-off in frame rate and extent of view.
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By placing a circular region of interest (ROI) in a SWE
image, the mean and standard deviation of the elas-
ticity within the ROI can be displayed. In this study, we
used a SWE box size of 3 cm.

The SWE measurements were performed on the right
lobe of the liver, through intercostal spaces with the
patient lying in the supine position with the right arm
in maximal abduction. The same intercostal space was
used for both SWE measurements, which was succes-
sively performed. The upper edge of the SWE box was
placed 1.5-2.0 cm from Glisson’s capsule in the liver
and an area of parenchyma free of large vessels. This
placement of SWE box aided in avoiding reverberation
artifacts beneath Glisson’s capsule and pulsations
around larger vessels, both of which could lead to erro-
neously elevated shear wave speeds. Measurements
of liver stiffness were obtained from the average of
a circular ROI, 2 cm in diameter when scanning con-
ditions permitted. The circular ROl was reduced in
diameter if limitations in viable signal within the SWE
box prohibited a 2 cm diameter. Measurements were
classified as failed when no/little signal was obtained
in the SWE box for all the acquisitions. The mean value
of four consecutive measurements was used for sta-
tistical analyses. Due to temporal persistence, the dis-
played SWE image and measurements were the result
of roughly three averaged frames in time. The entire
real-time SWE examination lasted approximately
5 minutes per patient.

Our SWE measurements have been checked for their
reproducibility in assessing liver elasticity in 225
healthy volunteers!2. These healthy subjects showed
real-time SWE values ranging from 5.79 + 1.33 kPa
(95% confidence interval: 5.66-5.92).

LB and histopathological analysis

Ultrasound-assisted percutaneous LB was performed
by two experienced physicians (Y.Z. and J.H.L.) using
an intercostal approach. The same intercostal space,
which was used for SWE measurements, was used for
the LB. A disposable, 1.6 mm in diameter, modified
Magnum needle (Magnum®, Bard®, US) was used. All
biopsy specimens were fixed in formalin and embed-
ded in paraffin. The length of each LB specimen (in
millimeters) was recorded.

The specimens were read on site by a single expert liver
pathologist (Y.C.X.), blind to the results of real-time
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SWE, but not to the patient’s clinical and biochemical
data. Liver fibrosis and necroinflammatory activity
were evaluated semi-quantitatively according to the
METAVIR scoring system?3. Fibrosis was staged on a
five-point scale from O to 4 according to the METAVIR
scoring system (FO, absent; F1, enlarged fibrotic por-
tal tract; F2, periportal or initial portal-portal septa but
intact architecture; F3, architectural distortion but no
obvious cirrhosis; F4, cirrhosis)'3. Necroinflammatory
activity was graded as follows: AO = none, A1 = mild,
A2 = moderate, and A3 = severe?.

Statistical analysis

Descriptive statistics were produced for demo-
graphic, clinical, and laboratory characteristics for
this study sample of patients. The Shapiro-Wilk test
was used to test the normal distribution of quanti-
tative variables. When quantitative variables were
normally distributed, the results were expressed as
mean values and standard deviation (SD); otherwise,
median and interquartile range (IQR; 25™-75t™ per-
centile) were reported. Qualitative variables were
summarized as counts and percentages. Pearson
rank coefficient was used to test the correlation
between two study variables. Quantile regression
was used for a multivariate model to evaluate the
association between real-time SWE and fibrosis,
APRI, necroinflammation, and biochemical tests.
Kruskal-Wallis one-way analysis of variance by ranks
was used to test the measurement differences with
real-time SWE among different fibrosis stages. A fre-
quency distribution was obtained for choosing opti-
mal cutoff values of real-time SWE to maximize the
sum of sensitivity and specificity for different fibro-
sis thresholds: FO-F1 versus F2-F4 (F > 2), FO-F2 ver-
sus F3-F4 (F > 3), and FO-F3 versus F4 (F = 4). The
diagnostic performance of real-time SWE and their
combinations was assessed using ROC and the area
under ROC (AUROC) analysis.

Comparisons of AUROCs were done using the
method described by Delong et al. for correlated
data'4. Agreement between fibrosis stages and
real-time SWE was illustrated in a contingency table
and weighted K was carried out. Data analysis was
performed with SPSS 20.0 statistical package and
Medcalc v16.2.0.

The study was conducted and written according to the
Standards for Reporting of Diagnostic Accuracy?®.



RESULTS

In all, 111 patients met the inclusion criteria. In two
patients, liver stiffness measurements failed with
real-time SWE due to narrow intercostal spaces in
one patient and due to obesity (body mass index
> 32 kg/m?) in the other patients. There were 70 men
and 41 women, with an average age of 39.42 years.
The characteristics of the 111 patients are summa-
rized in Table 1. The mean length of LB specimens was
27 mm (SD: 8 mm; range: 10-55 mm); the length was
>15mmin 103/111 (92.7%) cases and > 25 mm in
65/111 (58.6%) cases. In univariate analysis, real-
time SWE showed a high correlation to the degree of
fibrosis. The corresponding values for real-time SWE
were (i) for liver fibrosis: r = 0.805 (p < 107%), (ii) for
the degree of necroinflammation: r =0.27 (p = 0.004),
and (iii) for HBV DNA: r = 0.198 (p = 0.037). No cor-
relation with other variables was found. Multivariate
regression analysis, including METAVIR stage, METAVIR
grade, and APRI, confirmed the correlation for SWE
with fibrosis stage (p < 0.001), but not with all other

Table 1. Patients’ demographics and their biochemical and
histological data by liver biopsy examination

Characteristics n=111

Sex (men) 70 (63.1%)
Age (y) 39.42 (SD: 7.945;
range: 15-60)*
BMI (kg/m?) 23.78 (SD: 3.641;
range: 17.80-33.10)*
ALT 34.00 (IQR: 25-46;
range: 12-69)"
AST 37.00 (IQR: 27-43;
range: 9-79)*
HBV DNA 259.00 (IQR: 10-530;
range: 2-1,256)"
APRI 0.55 (IQR: 0.40-0.71;
range: 0.12-1.18)"
SWE 9.13 (SD: 1.405;

range: 5.57-12.20)*
Fibrosis score (METAVIR)

FO-F1 38 (34.2%)
F2 53 (47.7%)
F3 15(13.5%)
F4 5(4.5%)
Activity grade (METAVIR)
AO 1 (0.9%)
Al 30(27.0%)
A2 68 (61.3%)
A3 12 (10.8%)

*Mean value and SD; 'Median value and IQR.

ALT: alanine aminotransferase; APRI: AST-to-platelet ratio index;
AST: aspartate aminotransferase; BMI: body mass index;

IQR: interquartile range; SD: standard deviation;

SWE: shear-wave elastography.
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variables. Within each fibrosis stage, no correlation
was found between METAVIR activity grade and SWE
measurements (Fig. 1).

Median values, IQR, range, number of outliers, and p
values of measurements obtained for each fibrosis
stage with SWE are shown in Table 2. Figs. 2-5 show
ROCs for significant and severe fibrosis, as well as cir-
rhosis, and improvements in AUROCs by real-time SWE
for each level of fibrosis. For significant fibrosis (F > 2),
a statistically significant improvement (p < 0.001) in
the AUROCs was observed in real-time SWE (0.912).
The slight improvements for the AUROCs for severe
fibrosis and cirrhosis were not significant (p = 0.000
and p = 0.000, respectively).

The optimal cutoff values for the different levels of
fibrosis were determined by analysis of ROCs for real-
time SWE. Sensitivity, specificity, AUROCs, positive
predictive value, negative predictive value, positive

Figure 1. Box-and-whisker plots of shear-wave elastography
values for each METAVIR stage in relation to the degree of
necroinflammatory activity. Liver stiffness values are reported
on the y-axis, and METAVIR grade of necroinflammatory
activity on the x-axis. The central box represents values from
the lower to upper quartile (25-75 percentile). Theline through
each box represents the median. Error bars show minimum
and maximum nonextreme values. A, necroinflammatory
activity (METAVIR grade); F, fibrosis (METAVIR stage).
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Table 2. Median values, interquartile range, range, outliers, and p values of measurements obtained for each fibrosis stage with

shear-wave elastography and transient elastography

METAVIR stage Method FO F1 F2 F3 F4
Mean SWE 6.97 7.97 9.34 10.83 11.63
SD SWE 1.390 1.224 0.510 0.362 0.556
Range SWE 5.57-9.30 5.83-12.03 7.40-10.60 10.37-11.50 10.77-12.20
Number of outliers SWE 0 0 0 0 0

p value 0.013* <0.001f <0.001* 0.0645

p values refer to differences between consecutive fibrosis stages (*FO vs. F1; 'F1 vs. F2; ¥F2 vs. F3; 5F3 vs. F4). SD: standard deviation; SWE:

shear-wave elastography

Figure 2. Receiver operating characteristic curves for real-time
shear-wave elastography for different fibrosis thresholds:
() FO-F1 versus F2-F4 (F > 2), (b) FO-F2 versus F3-F4 (F > 3),
(c) FO-F3 versus F4 (F = 4). 95% confidence intervals (Cls)
are shown in parentheses. Area under the receiver operating
characteristic curve, 6.82, was 0.881 (95% Cl; 0.805-0.934;
p = 0.004). SWE: shear-wave elastography.
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likelihood ratio, and negative likelihood ratio of opti-
mal cutoff values for each METAVIR stage are shown
in Table 3. Real-time SWE showed a high sensitivity
and specificity in assessing significant (F > 2) and
advanced (F > 3) fibrosis.

Table 4 shows the concordance rate of real-time SWE
versus METAVIR stage. Overall, real-time SWE cor-
rectly classified 70/111 (63.0%) patients. Weighted
K was 0.74. Real-time SWE performed worse in F4
stage, probably due to the small number of cases of
liver cirrhosis.

DISCUSSION

In this study, the diagnostic accuracy of real-time
SWE in estimating liver fibrosis was compared against
histology in HBeAg-negative CHB patients with ALT
< 2 times the ULN and HBV DNA < 2000 IU/ml. The
AUROCs in differentiating no/mild fibrosis (FO-F1)
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Figure 3. Receiver operating characteristic curves for shear-
wave elastography for different fibrosis thresholds: (a) FO-F1
versus F2-F4 (F > 2), (b) FO-F2 versus F3-F4 (F > 3), (c) FO-F3
versus F4 (F = 4). 95% confidence intervals (Cls) are shown in
parentheses. Area under the receiver operating characteristic
curve, 8.62, was 0.912 (95% Cl: 0.836-0.987; p = 0.000).
SWE: shear-wave elastography.
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Figure 4. Receiver operating characteristic curves for real-time
shear-wave elastography for different fibrosis thresholds:
(a) FO-F1 versus F2- F4 (F > 2), (B) FO-F2 versus F3-F4
(F > 3),(C) FO-F3 versus F4 (F = 4). 95% confidence intervals
(Cls) are shown in parentheses. Area under the receiver
operating characteristic curve, 10.30, was 0.981 (95%
Cl: 0.935-0.997; p = 0.000). SWE: shear-wave elastography.
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from significant fibrosis (F > 2) were 0.912 for real-
time SWE (p = 0.000). The performance of real-time
SWE inidentifying significant fibrosis (F = 2) and severe
fibrosis (F = 3) was quite high. These findings suggest

Figure 5.Receiver operating characteristic curves for real-time
shear-wave elastography for different fibrosis thresholds:
(a) FO-F1 versus F2-F4 (F > 2), (b) FO-F2 versus F3-F4 (F > 3),
(C) FO-F3 versus F4 (F = 4). 95% confidence intervals (Cls)
are shown in parentheses. Area under the receiver operating
characteristic curve, 10.72,was 0.974 (95% Cl: 0.924-0.995;
p = 0.000). SWE: shear-wave elastography.
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Table 3. Resulting clinical performance of shear-wave
elastography using optimal measurements cutoff values

Parameter Method F=2el Fet2 F=2e3 F=4

Cutoff in kPa SWE 6.82 8.62 10.30 10.72
Sensitivity, % SWE 97.2 945 100.0 100.0
Specificity, % SWE 80.0 86.8 96.7 89.6
PPV, % SWE 99.0 93.2 87.0 31.3
NPV, % SWE 57.1 89.2 100.0 100.0
LR+ SWE 4.86 7.18 30.3 9.64
LR- SWE 0.04 0.06 - -

kPa: kilopascal; LR+: positive likelihood ratio; LR—: negative likelihood
ratio; NPV: negative predictive value; PPV: positive predictive value;
SWE: shear-wave elastography.
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that real-time SWE can be used for the assessment of
significant fibrosis, severe fibrosis, and cirrhosis.

To the best of our knowledge, this is the first study
aimed at the noninvasive assessment of liver fibrosis
by real-time SWE measurements in HBeAg-negative
CHB patients with ALT < 2 times the ULN and HBV
DNA < 2000 IU/ml undergoing LB on the same day.
Tada et al. estimated the utility of real-time SWE for
assessing CHC infection without cirrhosis comparing
with liver fibrosis indices, but not with liver histology
and not in CHB patients. A prototype system was used
where a SWE image was retrospectively generated.
The authors report similar SWE values for the lower
fibrosis stages, but slightly higher values for F3 and
F4, along with larger IQRs per stage, than those found
in our series. The extra targeting information from
the real-time SWE image combined with a smaller
sampling region of liver parenchyma could explain the
differences between our results at higher stages of
fibrosis. The higher stages of fibrosis have been shown
to have greater spatial heterogeneity.

Noninvasive assessment of liver disease stage at
baseline and during follow-up. Blood tests such as APRI
are recommended as the preferred noninvasive test to
assess for the presence of cirrhosis (APRI score > 2 in
adults) in resource-limited settings®. In our study, the
average of APRI score was 0.55 (Fig. 1); no patient had
a score of 2, although many patients had significant or
advanced fibrosis. That is because all included patients
had mild ALT elevation and their platelets were in the
normal range so APRI could not assess the presence of
cirrhosis in these patients.

Sonoelastography (SE) appears to be a reliable and fast
modality for noninvasive assessment of liver fibrosis
in patients with chronic viral hepatitis and other liver

Table 4. Analysis of concordance of shear-wave elastography versus METAVIR stage

Young’s modulus METAVIR Total Concordance rate (%)
FO-F1 F2 F4

FO-F1

SWE WE8.62 33 4 0 37 89.2

F2

8.62 < SWE WE10.30 3 48 0 51 94.1

F3

10.30 < SWE WE10.72 0 1 0 7 85.7

F4

SWE >10.72 2 0 5 16 31.2

Cumulative concordance

SWE Weighted K = 0.74 70/111 82.9

kPa: kilopascal; SWE: shear-wave elastography.
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diseases®s. Among various SE methods, TE was intro-
ducedfirstand has beentestedinthelargest number of
patients!’. However, because it is mono-dimensional,
TE cannot be used for ultrasound examination, nor is it
applicable for patients with ascites!®. Supersonic SWE
is the first among ultrasound elastography methods
allowing for the quantitative analysis of liver stiffness
in real time's® It is, therefore, possible to visually
control the quality of elastography maps, which may
increase the reliability of liver stiffness measurement
as compared to other SE methods. On the other hand,
the ability to visually control the elasticity maps in real
time and to choose the “proper” one for liver stiffness
measurement could be criticized as a potential source
of subjectivity. The reliability of real-time two-dimen-
sional SWE for the estimation of liver fibrosis severity
appears to be comparable to other SE methods, with
somewhat better performance reported for the early
stages of liver fibrosis®10:20-24,

In this study, the correlation between fibrosis stage
data and liver stiffness values assessed with real-time
SWE was not affected by necroinflammation, which
is in agreement with previous studies assessing liver
elasticity with TE or magnetic resonance?>2¢. In other
studies in which an influence of necroinflammatory
activity on TE measurements has been found?”%2, the
inclusion criteria were different from those applied to
our study. In fact, in their series, patients with hepati-
tis B and other etiologies were also included?®. On the
other hand, all patients in our series had ALT values
< 2 times the ULN.

In our series, SWE correctly classified 82.9% of
patients. Even though LB is still considered the bench-
mark for validation of noninvasive techniques aimed
at assessing the degree of liver fibrosis, its accu-
racy is challenged by sampling errors and intra- and
interobserver variability3°3!. Moreover, the METAVIR
scoring system does not take into account quantita-
tive changes in liver collagen but is largely an assess-
ment of architectural changes in a small sample of the
liver32. While the distribution of fibrosis in the liver is
heterogeneous, the histological staging is based on a
biopsy specimen that represents at most 1/50,000 of
the total liver mass33.

The management and prognosis of CHB strongly rely
on the degree of liver fibrosis. In patients with CHB,
the assessment of the stage of fibrosis is a crucial
issue before therapy. Treatment should be initiated
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promptly in patients with the severity of necroinflam-
mation (METAVIR score A = 2) and fibrosis (METAVIR
score F = 2)'2. In this study, real-time SWE improved
the ability to identify significant fibrosis in comparison
with LB. The recent guidelines for the management of
hepatitis B infection of the American Association for
the study of liver diseases and WHO have indicated
that noninvasive methods can now be used instead of
LB in patients with CHB to assess liver disease severity
before therapy at a safe level of predictability?.

According to currently available guidelines, patients
with HBeAg-negative CHB and ALT < 2 times ULN
should be closely followed up, and those with ALT
> 2 times ULN should be given antiviral therapy.
However, these patients may have undergone early or
obvious liver fibrosis at normal or low ALT levels and
should be given antiviral therapy as soon as possible.
A traditional biopsy is invasive and may easily cause
complications, so not all patients accept this proce-
dure. In contrast, non-invasive liver fibrosis assess-
ment may be prone to detect hepatic inflammatory
activities, and the patients with normal or low ALT lev-
els may be less sensitive to this method. Therefore, we
recommend performing both examinations for these
patients to compare the correlation.

This study has limitations. First, our series of patients
had a variable distribution of the different stages of
fibrosis, particularly for F2. Second, our study did not
take into account the FIB-4 index and the Forns index
as indices of liver fibrosis. Third, the analysis was car-
ried out in a relatively small number of patients and
it would be critical to validate these results in larger
studies.

In summary, we made the assessment of liver fibro-
sis using real-time SWE combined with LB for patients
with HBeAg-negative CHB and ALT < 2 times the
ULN and HBV DNA < 2000 IU/ml in 111 cases. The
results of this study show that real-time SWE was as
accurate as LB in assessing significant fibrosis (F > 2)
in HBeAg-negative CHB patients with ALT < 2 times
the ULN and HBV DNA < 2000 IU/ml. SWE has the
advantage of producing images of liver stiffness in real
time, while guided by a B-mode image. As a result, liver
stiffness measurements benefit from the guidance
of both anatomical and tissue stiffness information.
As an alternative to LB, the development of all these
noninvasive methods for dynamic evaluation of liver
fibrosis will decrease the need for LB, making clinical



care safer and more convenient for patients with liver
diseases. Further studies in larger patient populations
are needed to confirm these results and the values of
the thresholds of real-time SWE for the different fibro-
sis stages.
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